Transient modulation of calcium and parathyroid hormone stimulates bone formation.
Intermittent administration of parathyroid hormone can stimulate bone formation. Parathyroid hormone is a natural hormone that responds to serum calcium levels. In this study, we examined whether a transient increase and/or decrease in the serum calcium can stimulate bone formation. Using a mathematical model previously developed, we first predicted the effects of administration of parathyroid hormone, neutralizing parathyroid hormone antibody, calcium, and EGTA (calcium chelator) on the serum concentration of parathyroid hormone and calcium. The model predicted that intermittent injection of parathyroid hormone and ethylene glycol tetraacetic acid transiently elevated the serum parathyroid hormone, while that of parathyroid hormone antibody and calcium transiently reduced parathyroid hormone in the serum. In vitro analysis revealed that parathyroid hormone's transient changes (both up and down) elevated activating transcription factor 4-mediated osteocalcin expression. In the mouse model of osteoporosis, both intermittent administration of calcium and ethylene glycol tetraacetic acid showed tendency to increase bone mineral density of the upper limb (ulna and humerus) and spine, but the effects varied in a region-specific manner. Collectively, the study herein supports a common bone response to administration of calcium and its chelator through their effects on parathyroid hormone.